Abstract-Effort estimation is a project management activity that is mandatory for the execution of software projects. Despite its importance, there have been just a few studies published on such activities within the Agile Global Software Development (AGSD) context. Their aggregated results were recently published as part of a secondary study that reported the state of the art on effort estimation in AGSD. This study aims to complement the aforementioned secondary study by means of an empirical investigation on the state of the practice towards effort estimation in AGSD. To do so, a survey was carried out using as instrument an on-line questionnaire and a sample comprising software practitioners experienced in effort estimation within the AGSD context. Results show that the effort estimation techniques used within the AGSD and collocated contexts remained unchanged, with planning poker being the one employed the most. Sourcing strategies were found to have no or a small influence upon the choice of estimation techniques. With regard to effort predictors, global challenges such as cultural and time zone differences were reported, in addition to factors that are commonly considered in the collocated context, such as team experience. Finally, many challenges that impact the accuracy of the effort estimates were reported by the respondents, such as problems with software requirements and the fact that the communication overhead between sites is not properly accounted.
I. INTRODUCTION
Effort estimation, i.e. the process used to predict the effort needed to fulfill a given task [1] , is a project management activity that is fundamental to manage resources in an effective way [1] . Reliable effort estimates increase the chances of accomplishing the required work related to a given software project without time or cost overruns [2] .
Nowadays, software can be developed in many different contexts, by means of different software development approaches, such as Global Software Development (GSD -software development in a globally distributed manner) [3] , Agile Software Development (ASD -software development based on agile methods) [4] and Agile Global Software Development (AGSD) [5] , [6] (a combination of GSD and ASD). Given such diversity, we put forth that the way that effort is estimated within the context of a project may vary depending on the software development approach being used.
Despite the fact that there are lots of effort estimation techniques designed for collocated contexts [7] - [9] , i.e. software development performed by a team located in a single physical room [10] , there is evidence that effort estimation techniques that were originally designed for collocated contexts are not readily applicable in the global context [11] - [14] . To make effort estimation even more challenging in the AGSD context, there is also evidence that agile methods are not readily applicable in the global context neither [15] - [17] .
To better understand the state of the art in effort estimation in those three contexts (GSD, ASD and AGSD), three earlier studies were carried out:
• A systematic literature review (SLR) on effort estimation in GSD [18] .
• A SLR on effort estimation in ASD [19] .
• The results from the two SLRs above were then combined to identify the differences and commonalities and obtain evidence on effort estimation in AGSD [20] .
Given the growing number of AGSD projects [16] , [17] , it is important to complement the evidence on the state of the art towards effort estimation in AGSD with evidence from the state of the practice, which is the main goal of the present work. To do so, we carried out a survey [21] among software practitioners with experience in effort estimation in the AGSD context.
The present paper details that survey and makes five main contributions within the AGSD context:
• It presents how existing effort estimation techniques have been applied in practice.
• It presents the predictors that have been considered in practice.
• It presents the impact of sourcing strategies on the selection of effort estimation techniques.
• It presents the accuracy of the effort estimates reported by practitioners.
• It presents challenges that impact the accuracy of the effort estimates.
The remainder of this paper is organized as follows: Section III details the employed research methodology, followed by the presentation and discussion of the results of the conducted empirical study in Sections IV and V, respectively. Section VI discusses validity threats. Conclusions and future work are described in Section VII.
II. RELATED WORK
There has been only one previous survey within the context of effort estimation in the GSD domain, by Peixoto et al. [13] . They investigated how effort estimation techniques have been used by practitioners in the GSD context. Their results did not identify clear criteria used by practitioners when choosing an effort estimation technique.
The present survey differs from Peixoto et al.'s survey (S1) in the following ways:
• The context of our study is AGSD, whereas S1 was performed in the GSD context. • S1 investigated the practices within a single company, whereas our work gathered data from practitioners from many different companies.
• S1 focused solely on effort estimation techniques, whereas ours also focused on the predictors used in effort estimation and the effort estimates' accuracy.
III. RESEARCH METHODOLOGY
In the following subsections we describe the research methodology employed in this paper.
A. Research Questions
To obtain a detailed understanding on how effort estimation has been performed in the AGSD context, our research questions focused not only on the methods used to estimate effort, but also on the effort predictors used, the accuracy of the effort estimates, and the impact that sourcing strategies may have on the selection of effort estimation methods, as follows: 
B. Survey Design
A survey is a retrospective form of investigation that targets at gathering data from a wider population [21] . To perform surveys, it is mandatory to define its purpose, the analysis unit to be used and a representative sample of the population related to the research problem. In the present work, our survey was defined as follows:
• The purpose of the survey is to collect data on the state of the practice in effort estimation in the AGSD context. • The analysis unit is the effort estimation process element (technique, cost driver or size metric).
• The target population consists of practitioners who have worked with effort estimation in the AGSD context. • The sampling unit is the practitioner responsible for performing effort estimation in a company.
The instrument of the survey was an on-line semi-structured questionnaire, designed using SurveyMonkey 1 tool. The questionnaire encompassed closed and open-ended questions. The motivation for using an on-line questionnaire was to maximize respondents' participation and coverage.
The questionnaire had three types of questions: demographic questions, AGSD questions and effort estimation questions. Those questions reflected the research questions of this paper (see Subsection III-A).
Demographic questions are related to the respondents' country of residence, their job titles and number of years of experience as a professional in software development industry, teams' sizes and types of applications developed by the respondents' companies. AGSD questions are related to aspects of ASD, such as the agile methods and sourcing strategies employed by the respondents' companies. Finally, effort estimation questions are related to the effort estimation techniques and predictors (size metrics/cost drivers) employed by the respondents.
Note that the survey detailed herein is part of a wider investigation that has been conducted by the authors focusing on the state of the practice in effort estimation within the agile context (both global and collocated). Therefore, only the questions that are relevant for effort estimation in the AGSD context are presented below. Note that the numbers associated with each of the questions presented below may sometimes differ from the number used in the original questionnaire. impact the accuracy of the effort estimates in AGSD projects? Questions SQ1-SQ13 used categorical measurement scales (either nominal or ordinal) and were compulsory. Questions SQ3, SQ5, SQ6, SQ8-Q11 and SQ13 also provided free-text space to input an "Other" category answer. Question SQ14 is an open-ended question, so just a free-text space was provided to answer such question. Table I details the scale type and points/categories used for each question.
C. Survey Execution
Survey respondents were invited primarily from the authors' contact networks. Furthermore, the survey was advertised in two conferences 2 , and in many LinkedIn 3 communities on ASD, GSD and software measurement. It was made clear in the invitation that only people who worked with effort estimation in the AGSD context should answer the questionnaire.
The questionnaire was available on-line from August 12th to October 10th 2014 and was answered by a self-selected sample of 51 respondents. Prior to making the questionnaire available on-line, it was validated by another researcher to ensure that the questions were clear and straight forward to answer.
Although the questionnaire was anonymous, respondents could optionally provide contact details (email) if a followup clarification was needed.
IV. RESULTS AND ANALYSIS
The results herein presented are organized as follows: Subsection IV-A details the respondents' demographics; subsection IV-B presents the results related to the AGSD questions; subsections IV-C to IV-F present the results for research questions RQ1 to RQ4 respectively.
A. Demographics Questions
SQ1 captured the respondents' work countries. A total of 12 different countries were represented in the sample. Their distribution by continents is presented in Table II . Most of the respondents work in Europe or Asia, followed by North America. Such a data distribution complies with the countries/regions where AGSD has been reported more frequently to date [18] , [20] . SQ2 measured the respondent's industrial experience. The results show that 76.47% of the respondents have at least 5 years of experience in the software industry, with close to 51% with 10 years or more of experience (25.49% with "more than 5 years, less than 10 years" and 50.98% with "above 10 years").
SQ3 captured the respondent's job titles (roles). The results show a variety of roles, which also suggests that, at least amongst the respondents, effort estimation is not centralized within a small subset of roles. The results show that in most of the cases effort is estimated by either "developers" (27.45%) or "Other" (21.57%) ("line manager", "information security manager" and "agile coach").
Considering the context of our survey (AGSD), it seems reasonable that evidence suggests developers are also responsible for estimating effort, given that within such context teams are cross-functional and most of the team members are called "developers" [4] . Note that the role "project manager" was not selected by any of the respondents. However, such a role is not necessarily required in agile teams [4] .
SQ4 measured the respondents' team size. Our results show that more than half of the respondents (56.86%) reported teams with up to 10 members. Such a size range complies with common agile best practices, where agile teams range from 5 to 9 members in general [4] .
There is also a large percentage of respondents (33%) who reported team sizes with "more than 16" and even "more than 100 people". Such numbers do not support the most commonly reported team sizes in the agile literature. However, it is possible to scale the team size up in ASD projects, in order to perform more resource-consuming software projects 4 . Considering the context of this work (AGSD), in our view it is also reasonable to assume that a project carried out globally can demand more human resources and therefore larger teams, when compared to collocated agile projects.
SQ5 captured the software types developed by the respondents. Results show that "Telecom/Mobile" (52.94%) and "Business Applications" (56.86%) were the most frequent answers, followed by "Financial" (39.22%) and "E-4 www.scaledagileframework.com/ Commerce" (37.25%) applications. For the free-text "Other" option (17.65%), "CAD" and "Health Care Applications" were provided most frequently.
B. AGSD Questions
SQ6 captured the agile methods employed by the respondents' companies. Results show that the agile method selected most often was "Scrum (84.31%), followed by "Kanban" [22] (37.25%) and "Extreme programming (XP)" [23] (23.53%). The free-text "Other" option (7.84%) revealed only one additional answer, model-driven development [24] , which is not strictly an agile method. Since most respondents did not provide contact details (optional in the questionnaire), it was not possible to follow-up the "Other" answers for clarification.
Note that respondents could select several agile methods, which explains the high percentage for "Scrum", in particular. However, it is important to highlight that the fact that "Scrum" was the most frequent answer is not surprising, since there is evidence that such method is the most employed in the software industry [17] , [25] , [26] SQ7 asked for the sourcing strategies employed by the respondents' companies. Results show that "insourcing" was the most frequent answer (47%), followed by "both" (35%) and "outsourced" (18%). This result corroborates our earlier results about the state of the art in effort estimation within the context of GSD [18] , [20] .
Using SQ8, we captured the average number of insourced sites. This questions was only answered by respondents who answered "insourcing" or "both" in SQ7. The results show small differences between categories. The two answers with the highest percentages were "2" sites (26%) and "1" site (24%), followed by "4" sites (19%), "other" (17%), and "3" sites (14%). The valid free-text answers for option "Other" were "average of 5 insourced sites" and number of "insourced sites between 1 and 10". The remaining 5 free-text answers were unclear or empty. Since contact information was not available for those respondents, a follow-up for clarification was not possible.
Using SQ9, we captured the average number of outsourced sites. This questions was only answered by respondents who answered "Outsourcing" or "Both" in SQ7. The results for outsourced sites differ from those for insourced sites. The most frequent answer was "3" sites (33%), followed by "2" (30%) sites and "Other" (19%). All "Other" respondents provided unclear/empty free-text answers. Since contact information was not available for those respondents, a follow-up for clarification was not possible.
SQ10 captured the roles of the respondents' companies in outsourced projects. Results show an even distribution between "Client" (41%) and "Vendor" (44%) companies. Details regarding the four "Other" answers (15%) were not available.
C. Research Question 1
RQ1 relates to the effort estimation techniques that are employed by AGSD practitioners. SQ6 was used to answer RQ1. Results show that "Planning poker" (72.55%) was the effort estimation technique selected most frequently, followed by "Expert judgment" (47.06%). "COSMIC" (which is actually a size metric), "Multiple expert judgment" and "Delphi-PERT approach" were the methods reported using the "Other" option (15.69%).
Although "Planning poker" and "Expert judgment" are also frequently used in ASD [27] , it is interesting to note that practitioners did not add any additional technique as a result of a context change from collocated to global software development. Note that more than 40% of the respondents work in teams larger than 10 people, which could perhaps bring some challenges when relying solely on techniques such as "Planning poker" and "Expert judgment".
Also note that the number of respondents using a single effort estimation technique (51%) was quite similar to the number of respondents using more than one technique (49%). Table III shows small differences between the two ways in which "Planning poker" was reported: as a single technique (48.65%), or together with other techniques (51.35%). Other techniques were mostly reported together with other options. COCOMO and Delphi were reported only together with other techniques. The fact that a respondent selected more than one effort estimation technique can be interpreted in two different ways. Either the effort estimation techniques are used together in the context of a project, or individual effort estimation techniques are singly employed in different projects. As part of our future work, we plan to investigate further this issue via interviews with the survey participants who selected more than one technique and who provided their contact details.
D. Research Question 2
RQ2 was answered by combining the data gathered from SQ5 and SQ6. Results are displayed in Table IV and show that "planning poker" was the most selected effort estimation technique, regardless of the sourcing strategy used (insourcing 43.24%; outsourcing 35.71%; both 36.84%).
The second most reported effort estimation technique changes according to the applied sourcing strategy. When "insourcing" was the employed sourcing strategy, "expert judgment" was as reported as "planning poker" (43.24%). On the other hand, when "outsourcing" was the employed sourcing strategy, "analogy" was the second most reported technique (28.57%). RQ3 relates to the predictors (size metrics/cost drivers) that have been considered by practitioners in AGSD. Survey question SQ7 was used to gather data to answer RQ3.
Results show that "team's skill level" (71%) was the most selected cost driver, followed by "communication model" (65%), "time zone difference" (59%), "team's prior experience" (55%), "cultural difference" (45%) and "software process model" (41%). "Technical dependencies", "difference in work hours between sites" and "uncertainty level" were reported by means of the option "Other" (14%). The results are in-line with the state of the art [18] , [20] .
Results also show that "task size" (67%) was the most selected size metric, followed by "story points" (63%) and "use case points" (27.45%). "UML points" and "COSMIC function points" were reported by means of the option "Other" (7.8%). Size metrics that are popular in plan-driven software development, e.g. "function points" (20%) and "lines of code" (8%), were selected by fewer respondents.
F. Research Question 4
RQ4 relates to the challenges that impact the accuracy of the effort estimates in AGSD. Survey questions SQ12 and SQ14 gathered data to answer RQ4. SQ12 asked for the average accuracy of the effort estimates, when compared to the actual effort. The results show that "underestimated by 25% or more" was the most common answer (33.33%), followed by "spot on (0-5)% variation" (19.61%) and "underestimated by 5% or more" (17.65%). In 54.90% of the cases the effort estimates were underestimated (see Total in Table V) .
Considering the accuracy values reported in the effort estimation literature, the results suggest that the survey respondents are estimating effort with an acceptable level of accuracy [28] . However, it was puzzling to see close to 20% of the respondents reporting that estimates were "spot-on". We hypothesize that perhaps such respondents work with fixed budget contracts or projects where effort is estimated and later adjusted to comply with actuals.
SQ14 asked for the challenges that impact the accuracy of the effort estimates in the AGSD context. Only 24 respondents (47%) answered this optional open-ended question. The provided answers were categorized as follows:
• Distribution-related challenges -Thirteen respondents (25.5%) reported that time, language and cultural dif- ferences between sites and the distance to the client can affect the accuracy of the effort estimates. In their opinion, such factors affect the communication between sites and this communication overhead is not properly accounted.
• Requirements-related challenges -Twenty respondents (39.2%) informed that unclear, unstable and misdocumented requirements affect the accuracy of the effort estimates. In their opinion, those challenges lead to unpredicted activities during the development process, increasing the real effort of software projects.
• Team-related challenges -Fourteen respondents (27.5%) reported that the lack of domain knowledge, lack of knowledge on the required technologies, lack of experience on the used effort estimation technique and lack of team cohesion (teams with people that never worked or worked little time together) lead to wrong assumptions, which affect the accuracy of the effort estimates. Another challenge presented by the respondents was the fact that in many cases the effort is not estimated by the same team responsible for constructing the software, which also leads to wrong assumptions, jeopardizing the accuracy of the effort estimates.
• Client-related challenges -Two respondents (4%) reported that poor participation and mis-prioritization of the tasks by the clients affect the accuracy of the effort estimates. It means that the effort is estimated considering an active participation of the clients; however development teams find a different scenario when a project starts, which in general leads to bigger effort.
V. DISCUSSION
The findings reported herein are discussed as follows (organized by research questions).
A. RQ1 -Which techniques have been used to estimate effort in AGSD?
The survey results suggest that the same techniques used in the collocated context have been used in the AGSD context, without any adaptations. Considering that there are few studies about effort estimation in GSD [18] and AGSD [20] , the absence of customized effort estimation techniques is not surprising. Nevertheless, this does not mean that such customization would not be important to improve estimation accuracy and even the prediction process. Thus, we believe that more research should be carried out to investigate this issue further.
B. RQ2 -What is the impact of the applied sourcing strategy on the selection of an effort estimation method in AGSD?
In relation to the impact of the sourcing strategy on the selection of effort estimation techniques, the results suggest the following:
• The applied sourcing strategy has no or small influence on the selection of the technique when just one technique is selected to estimate effort. The same finding appears to be true regarding the selection of the first technique when two or more techniques are selected to estimate effort in AGSD projects. In both cases, "planning poker" was the most frequently reported method.
• The applied sourcing strategy appears to have a bearing on the selection of additional methods; when two or more methods are employed to estimate effort. In such situations, "expert judgment" appears to be related to an "insourcing" strategy and estimation by "analogy" appears to be related to an "outsourcing" strategy. We suspect that estimation by "analogy" is the second most frequently selected technique because a company would not necessarily have access to the internal information of outsourced sites. Rather, the client company would be obliged to compare a new project with similar past finished projects. This could explain the choice of effort estimation techniques. We also aim to investigate further this issue in collaboration with some of the respondents who answered this survey and provided their contact details.
C. RQ3 -Which effort predictors have been used to estimate effort in AGSD?
The results from this survey suggest that most of the well-known GSD challenges/issues (e.g. "communication" and "cultural difference" [3] ) have been considered as cost drivers. However, "team's skill level", which is a relevant cost driver in both global and collocated context, was the most frequently reported cost driver.
The survey did not ask more detailed questions on how the reported cost drivers were measured by the respondents and used in the effort estimation process. Further work will be carried out to obtain such data.
Regarding the reported size metrics, the results suggest that "task size" and "story points" are the size metric that fit properly for estimating effort in AGSD. Not surprisingly, they are the most frequent size metric in ASD literature [4] , [23] .
D. RQ4 -What are the challenges that impact the accuracy of the effort estimates in AGSD?
A considerable number of the respondents reported reasonable effort estimates in AGSD (Table V) . The effort estimates' accuracy reported in the literature on effort estimation is slightly worse [11] , [29] . Maybe the respondents were not comfortable to report actual accuracy, even when answering an anonymous questionnaire. Maybe the answers are legitimate. Some of our future work aims to investigate further this issue.
According to the participants of our survey, there are many different challenges that impact the accuracy of the effort estimates in the AGSD context. Most of the respondents reported that the main problem lies on the requirements, which is also a challenge in collocated agile software projects.
The participants of the survey also pointed out that the communication overhead, which is bigger in globally distributed projects, is not properly accounted most of the time by practitioners. It affects the accuracy of the effort estimates, leading to underestimated effort. The impact reported for this challenge is in-line with the accuracy values reported in the survey (See Subsection IV-F). We believe that further research should be conducted to identify or develop approaches to calculate the impact of the communication overhead on the overall effort of AGSE projects.
VI. THREATS TO VALIDITY
The research reported in this paper is subjected to the following validity threats:
• Construct validity is concerned with the relation between the theories behind the research and the observations [30] . This type of threat was mitigated by collecting data from a wide range of respondents, who worked in many different countries and companies.
• Conclusion validity is concerned with the possibility of incorrect conclusions about relationships in the observations that could arise from errors in the data sources [30] .
To mitigate such kind of threat, the survey was validated by other researchers to ensure that the questions were clear and straight forward to answer. Besides, we made clear for the respondents that just people who had worked with effort estimation should answer the questionnaire. Nonetheless, we cannot claim that all questions were well understood by the respondents.
• Internal validity is related to issues that may affect the causal relationship between treatment and outcome [30] . To mitigate this threat, the survey was validated by other researchers. Considering that the questionnaire was to be answered just once per respondent, we believe that the possibility of learning effect was removed. Finally, no fatigue effect was expected to affect the respondents, since the time to answer the questionnaire was short (15 minutes).
• External validity is concerned with the ability to generalize the findings of a given study beyond its study context [30] . In general, research in empirical software engineering is hard to generalize, because the research outcomes are highly influenced by the research context. In order to improve the representativeness of the findings of this work, we collected data from many respondents, widening the number of contexts for which the findings of this work could be generalized.
VII. CONCLUSIONS
This paper presented the results of a survey on effort estimation in the context of Agile Global Software Development. The main goal of this paper was to complement the already existent evidence obtained from the state of the art by obtaining evidence from the state of the practice.
An on-line questionnaire was made accessible from August 12 of 2014 to October 10 of 2014. Respondents from 12 different countries have participated in the survey. A selfselected sample of 51 respondents have fully answered the questionnaire.
The reported effort estimation techniques are well-know in the collocated context. This result was not surprising once it was already known that there have been few studies on effort estimation in AGSD context.
It was surprising the fact that most of the respondents reported accurate effort estimates. They also reported many challenges that impact the accuracy of the effort estimates, such as unclear, unstable and mis-documented requirements. In addition, they reported that it is common to underestimate the impact of the communication overhead between the distributed sites of AGSE projects, which leads to underestimated effort.
Regarding the impact of the sourcing strategies on the selection of effort estimation techniques, the results suggest that when just one technique is applied, the impact of the employed sourcing strategy appears to be insignificant. However, when more than one method is applied, the selection of the second method appears to be affected by the sourcing strategy (i.e. "expert judgment" related to "offshore insourcing" and "estimation by analogy" related to "offshore outsourcing").
Finally, about the predictors, the results suggest that the main GSD challenges have been considered by the practitioners, along with other factors that are also relevant in any other context, such as the experience of the team.
We intend to perform further research in order to confirm and/or clarify some of our findings, such as the accuracy level of the reported effort estimates. Likewise, we intend to understand how the practitioners have been measured and incorporating the considered cost drivers in their effort estimation processes. Finally, additional research should be conducted to identify or develop approaches to calculate the impact of the communication overhead on the overall effort of AGSE projects. We believe that the listed further research could be carried out by means of case studies, which is one of the directions for our future work.
